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Abstract
Aim: Members of the tight junction protein family of claudins have been
demonstrated to specifically determine paracellular permeability of the intesti-
nal epithelium. In small intestinal mucosa, which is generally considered to be
a leaky epithelium, Peyer’s patches are a primary part of the immune system.
The aim of this study was to analyse the tight junctional barrier of follicle-as-
sociated epithelium covering Peyer’s patches (lymphoid follicles).
Methods: Employing small intestinal tissue specimens of male Wistar rats,
electrophysiological analyses including the Ussing chamber technique, mar-
ker flux measurements and one-path impedance spectroscopy were per-
formed. Morphometry of HE-stained tissue sections was taken into account.
Claudin expression and localization was analysed by immunoblotting and
confocal laser scanning immunofluorescence microscopy.
Results: Almost twofold higher parameters of epithelial and transepithelial
tissue resistance and a markedly lower permeability for the paracellular
permeability markers 4 and 20 kDa FITC–dextran were detected in folli-
cle-associated epithelium compared to neighbouring villous epithelium.
Analysis of claudin expression and localization revealed a stronger expres-
sion of major sealing proteins in follicle-associated epithelium, including
claudin-1, claudin-4, claudin-5 and claudin-8. Therefore, the specific
expression and localization of claudins is in accordance with barrier prop-
erties of follicle-associated epithelium vs. neighbouring villous epithelium.
Conclusion: We demonstrate that follicle-associated epithelium is special-
ized to ensure maximum restriction of the epithelial paracellular pathway
in Peyer’s patches by selective sealing of tight junctions. This results in an
exclusive transcellular pathway of epithelial cells as the limiting and
mandatory route for a controlled presentation of antigens to the underly-
ing lymphocytes under physiological conditions.
Keywords impedance spectroscopy, tight junctions, tissue barrier, villous
epithelium.
Tight junctions (TJ)s have been demonstrated to pro-
vide the primary limiting structure determining epithe-
lial barrier function in a wide variety of tissues and
organs, such as kidney, intestine, lungs and mammary
glands (Amasheh et al. 2011, Markov et al. 2012,
Koval 2013)2 .
In recent years, it has been demonstrated that a
number of members belonging to the tetraspan TJ
protein family of claudins specifically determine tissue-
and organ-specific barrier properties (Markov et al.
2010, Amasheh et al. 2011). Among this family, three
groups have been differentiated, namely (i) sealing
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claudins, (ii) claudins mediating paracellular perme-
ability and (iii) claudins with ambiguous function
(Amasheh et al. 2011). On molecular level, the combi-
nation of claudin within TJ strands has been reported,
which indicates specific interactions within defined
clusters (Van Itallie & Anderson 2014, Markov et al.
2015).
Along the longitudinal axis of the small intestine,
the expression of TJ proteins shows a very distinct
pattern, which is in accordance with general parame-
ters of barrier function (Markov et al. 2010). Whereas
general expression and localization of TJ proteins in
small intestinal villous epithelium has been shown,
information about specific expression in follicle-associ-
ated epithelium (FAE) is scarce. The jejunum expres-
sion of tightening TJ proteins including claudin-1,
claudin-3 and claudin-5 as well as the expression of
claudin-2 has been reported, which mediates paracel-
lular permeability for Na+ and water (Amasheh et al.
2002, Rosenthal et al. 2010).
Information regarding claudin expression in FAE is
limited to the report that claudin-2, claudin-3, clau-
din-4 and occludin in murine FAE can be detected by
means of immunohistochemistry (Clark & Hirst 2002,
Tamagawa et al. 2003). However, a quantitative com-
parison of TJ protein expression in FAE and neigh-
bouring villous epithelium in context with functional
barrier parameters has not been shown, yet.
Mucosa of the small intestine is a contact region of
the body exposed to a vast variety of exogenous mole-
cules including toxins and undigested food particles.
Peyer’s patches (PP) are an important part of the
gut-associated lymphoid tissue (GALT) that plays a
significant role in host defence from pathogens and
primarily localizes in the distal small intestine (Jung
et al. 2010).
Structurally, PP consist of lymphoid follicles cov-
ered by the FAE, which functions as a tissue barrier
between intestinal content and immune cells (Keita &
S€oderholm 2012)3 . Within PP epithelium, M cells are
responsible for the translocation and presentation of
bacterial and viral epitopes to the immune cells via
transcytosis, and this presentation induces activation
of B- and T lymphocytes in the follicular area of PP
(Gebert et al. 1996). Whereas this transcellular
translocation has been described in more detail, lim-
ited information is available regarding the characteris-
tics of the paracellular pathway and its contribution
to immunological function of PP.
Comparison of transepithelial resistance of rabbit
PP and villous epithelium revealed a general differ-
ence, with markedly higher values in FAE compared
to neighbouring villous epithelium (Brayden & Baird
1994). However, considering that the transepithelial
resistance is an integral index comprising the
resistance of all tissue layers during electrophysiolog-
ical experiments, the contribution of FAE barrier
function could not be determined exactly in previ-
ous studies. Therefore, the aim of our study was to
differentially analyse the barrier function of PP
epithelium and to correlate the functional insights
gained with the expression and localization of the
main determinants of intestinal TJs, the family of
claudins.
Material and methods
Intestinal tissue specimens of untreated male Wistar
rats were employed as reported previously (Markov
et al. 2010, 2014). This study is conform with Persson
(2013). Directly neighbouring adjacent jejunal tissue
specimens of both PP and villous epithelium were
visually selected employing a stereo microscope (Carl
Zeiss, Jena, Germany) and were then used for electro-
physiology, permeability assays, Western blot analysis
and immunohistochemistry. Moreover, morphometric
analysis of tissues was performed, taking into account
the different architecture of the mucosa for correlation
of the data.
Morphometry
The area of PP and villous samples from jejunum for
electrophysiology and immunoblotting was limited by
the Ussing chambers’ aperture. Nonetheless, real or
surface area (mucosal surface) of samples was higher
compared to villous epithelium as a consequence of
histological structure. To prevent the overestimation
or underestimation of epithelial resistance, we per-
formed a correction for surface area. For acquisition
of a correction factor, we employed a common proce-
dure used in other studies (Smith et al. 1980, Troeger
et al. 2007).
Measurement of mean sizes of PP revealed a value
of 12.5 mm2, containing 10 lymphoid follicles cover-
ing 8.9 mm2 of this area, while villous epithelia inside
Peyer’s patches preparations covered 3.6 mm2. Given
a villus base area of 0.035 mm2, we can suppose that
the tissue with a size 3.6 mm2 contains 103 villi in
accordance with previous findings (Troeger et al.
2007).
Taking into account previous measurements of
Smith et al. (1980), a follicle-associated epithelium
surface area of 0.417 mm2 and a villi surface area of
0.127 mm2, whole PP surface area equals 17.2 mm2
(10 9 0.417 + 103 9 0.127). The villous epithelium
with the same size of serosal area (12.5 mm2) contains
about 357 villi and has a surface area of 45.3 mm2.
Therefore, the surface area ratio between villous tissue
and PP epithelium used for the experiments is 2.62.
© 2015 Scandinavian Physiological Society. Published by John Wiley & Sons Ltd, doi: 10.1111/apha.125592
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Electrophysiology
Ussing chamber technique was used to measure
transepithelial resistance (TER) during 1 h of incuba-
tion as reported previously (Markov et al. 2010).
Briefly, tissues were mounted in containers of Ussing
chambers (exposed area: 0.13 cm2), and the bathing
solution contained (in mM) Na+ (140.5), K+ (5.4),
Ca2+ (1.2), Mg2+ (1.2), Cl (123.8), HCO3 (21),
HPO24 (2.4), H2PO

4 (0.6), D(+)-glucose (10), D(+)-
mannose (10), b-OH-butyrate (0.5) and glutamine
(2.5). During all experiments, the solution was gassed
with 95% O2 and 5% CO2 at 37 °C. In a separate
set of experiments, one-path impedance spectroscopy
was employed to analyse the contribution of epithe-
lial (Repi) and subepithelial (Rsub) resistance to TER
as described previously in detail (model 1250 fre-
quency response analyser and model 1286 electro-
chemical interface; Solartron Schlumberger,
Farnborough, Hampshire, UK) (Markov et al. 2010);
briefly, one-path impedance spectroscopy discrimi-
nates between Repi and Rsub, based on the model that
the conductivity of the epithelial cell layer is depen-
dent on frequency, in contrast to the subepithelial tis-
sue layers which lack tight junctions (Amasheh et al.
2009a).
In an additional set of experiments, permeability
assays for FITC–dextran molecules were performed
in Ussing chambers as outlined above. After stabiliza-
tion of electrophysiological parameters, 500 ll of
mucosal solution was replaced with an appropriate
buffer, containing 4 kDa or 20 kDa FITC–dextran
(4 Sigma Aldrich, Germany) (final concentration
2 mg ml1, respectively). Dextran fluxes were
calculated from the amount of FITC–dextran in the
basolateral compartment and measured with a fluo-
rometer at 520 nm as reported in detail recently
(Dittmann et al. 2014)5 ; briefly, the apparent perme-
ability Papp was calculated as Papp = (dQ/dt)/
(A 9 Co), with dQ/dt describing the steady-state
appearance rate of dextran in the acceptor chamber,
the area A of exposed epithelium and the concentra-
tion Co of FITC–dextran in the donor chamber. Data
were corrected employing a correction factor derived
from morphometric analysis.
Western blot and densitometry
Western blot was performed as described previously
(Markov et al. 2014). Briefly, tissues were homoge-
nized in Tris-buffer containing (in mM) Tris (20),
MgCl2 (5), EDTA (1), EGTA (0.3) and protease inhi-
bitors (Complete, Boehringer, Mannheim, Germany),
and protein contents were determined using BCA
protein assay reagent (Pierce, Rockford, IL, USA) and
quantified with a plate reader (Tecan, Groedig, Aus-
tria). Samples were mixed with SDS buffer
(Laemmli), loaded on a 12.5% SDS polyacrylamide
gel and electrophoresed. Proteins were detected by
immunoblotting, employing primary antibodies raised
against occludin or claudin-1, claudin-2, claudin-3,
claudin-4, claudin-5, claudin-7 and claudin-8 (Life
Technologies 6, USA). Peroxidase-conjugated goat anti-
rabbit IgG or goat anti-mouse IgG antibodies and the
chemiluminescence detection system Lumi-LightPLUS
Western blotting kit (Roche, Mannheim, Germany)
were used to detect bound antibodies. Signals were
visualized by luminescence imaging (LAS-1000; Fuji-
film, Tokyo, Japan), and densitometry was performed
using AIDA and Biorad Quantity One software,
taking into account beta-actin bands of self-same
immunoblots, respectively. Data were corrected,
employing a correction factor in accordance with
morphometric analysis.
Immunohistochemistry
Immunohistochemistry of tissues was performed as
described previously (Markov et al. 2014). Briefly, PP
tissues were fixed in 4% formalin for 3 h at RT and,
after dehydration, were embedded in paraffin. For
immunostaining, paraffin was removed from cross-
section (4 lm) by xylol–ethanol gradient, and anti-
bodies raised against claudin-1, claudin-2, claudin-3,
claudin-4, claudin-5, claudin-7 and claudin-8 and
occludin were used (Life Technologies). Slides were
incubated with primary antibody and subsequently
incubated with Alexa Fluor goat anti-rabbit and anti-
mouse IgGs (Life Technologies) according to the
manufacturer’s instructions. Nuclei were stained with
40,6-diamidino-2-phenylindole (DAPI; 1 : 5000) prior
to mounting of the sections in ProTags MountFluor
(Biocyc, Luckenwalde, Germany). Specificity of sig-
nals was monitored by control stainings in which pri-
mary antibodies were omitted, as also performed
with identical antibodies in our previous studies
focusing on rat tissues (Markov et al. 2010, 2014,
Hackel et al. 2012, Rittner et al. 2012). Confocal
laser scanning microscopy was performed, employing
microscopes of the Zeiss LSM510 and Leica TCS
SP2 series (Zeiss, Jena; Leica Microsystems, Heidel-
berg, Germany).
Statistical analysis
Data are expressed as means  SEM. Statistical analy-
sis was performed using Student’s t test. P < 0.05 was
considered significant.
© 2015 Scandinavian Physiological Society. Published by John Wiley & Sons Ltd, doi: 10.1111/apha.12559 3
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Results
Histology
Tissue preparation revealed the majority of PP in rat
jejunum. For all experiments, areas of follicles of PP
and area of adjacent neighbouring villous tissues were
selected. HE staining revealed different mucosal sur-
face areas according to the architecture of PP and
adjacent neighbouring villous epithelia (Fig. 1).
Tissues were morphometrically analysed for compara-
tive approaches, taking into account the different
mucosal surface area ratio between villous tissue and
PP epithelium, resulting in a correction factor of 2.62.
Electrophysiology
Conventional Ussing chamber technique was used to
investigate values and stability of TER of adjacent parts
of small intestinal tissue with and without PP for 1 h.
Whereas villous control epithelium showed an TER of
60.9  4.4 Ω cm2, TER of PP epithelium was higher
(89  6.4 Ω cm2) and was further elevated after sur-
face correction of the data (227.9  16.4 Ω cm2)
(Fig. 2). All values remained stable over the time course
of electrophysiological experiments.
One-path impedance spectroscopy was employed to
discriminate between the contribution of Repi and Rsub
to TER (Fig. 3). Whereas Repi of controls was
12.6  1.3 Ω cm2, Repi of PP was markedly higher
(30.2  5.4 Ω cm2, Fig. 3a) and further elevated
after correction according to mucosal surface
(79.1  14.5 Ω cm2, not shown). Rsub revealed val-
ues of 37.8  1.6 and 66.1  5.7 Ω cm2, reflecting
different submucosal thickness of tissue specimens
(Fig. 3b; n = 19 and 25, respectively, ***P < 0.001).
Measurement of paracellular permeability was per-
formed using 4 kDa and 20 kDa FITC–dextran
(Fig. 4). Permeability for both 4 kDa and 20 kDa
FITC–dextran was markedly lower in PP compared to
neighbouring adjacent villous epithelium (Fig. 4a:
0.047  0.015 9 106 cm s1 vs. 0.324  0.066 9
106 cm s1; Fig. 4b: 0.039  0.004 9 106 cm s1
vs. 0.104  0.005 9 106 cm s1) (n = 3, *P < 0.05,
***P < 0.001).
Western blot and densitometry
Western blots revealed the expression of claudin-1,
claudin-2, claudin-3, claudin-4, claudin-5, claudin-7
and claudin-8 and occludin in both controls and PP
epithelium (Fig. 5a). Whereas stronger signals of clau-
din-2 and of claudin-7 were detected in controls com-
pared to PP epithelium, PP revealed a stronger signal
of the sealing TJ protein claudin-8. Surface correction
(a) (b)
Figure 1 Haematoxylin and eosin staining of Peyer’s patches and adjacent neighbouring villous epithelium. (a) Magnification
2.59, marked section indicates area of (b), magnification 409 (bar: 20 lm) and areas of follicles (f) of Peyer’s patches and of
adjacent neighbouring villous (v) epithelial tissues were clearly discriminated, allowing selection for Ussing chamber experi-
ments, immunoblotting, immunohistochemistry and morphometry.
Figure 2 TER results of Ussing chamber experiments. Mea-
surement of transepithelial resistance (TER) of jejunal villous
epithelium and Peyer’s patches (PP) revealed markedly higher
values for PP epithelium, which were further elevated after
correction by morphometry (PPcorr), n = 22, respectively,
***P < 0.001.
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of the data, however, resulted in stronger signals
of tightening claudin-1, claudin-4, claudin-5 and
claudin-8, whereas claudin-2 and claudin-7 were not
significantly different from controls (n = 5–10,
*P < 0.05, **P < 0.01, ***P < 0.001; Fig. 5b).
These data are in accordance with stronger barrier
properties of PP observed in electrophysiological
experiments.
Immunohistochemistry
To investigate the distribution of TJ proteins within
FAE, immunohistochemical analysis of PP tissue was
performed. Tissue specimens were stained by antibod-
ies raised against occludin and claudin-1, claudin-2,
claudin-3, claudin-4, claudin-5, claudin-7 and claudin-
8 (Fig. 6). The majority of claudins was detected
within apicolateral TJ areas of both PP and surface
epithelium. Whereas occludin and claudin-1, claudin-
2, claudin-3, claudin-4, claudin-5 and claudin-7
showed predominant localization within TJ com-
plexes, claudin-8 signals appeared rather faint in both
controls and PP epithelial tissue specimens. Although
not quantitatively assessed, signal intensity within
tight junction complexes reflected differences in accor-
dance with Western blot results, respectively.
Discussion
Primary functions of the intestinal mucosal villous
epithelium are absorption, secretion and barrier func-
tion (Turner 2009). The main function of the FAE PP
is considered to capture and present antigens to the
underlying immunocompetent cells (Eri & Chieppa
2013) 7. Therefore, it seems probable that the epithelial
barrier is a prerequisite for the specific transcellular
transport.
PP are located within the mucosa of the small intes-
tine, which is generally defined as a leaky epithelium
(Claude & Goodenough 1973, Markov et al. 2010).
The structural correlate of barrier function has been
demonstrated to be provided by TJs, which are orga-
nized in strands, lining the apicolateral membrane of
epithelial cells. Within the strands, members of the tet-
raspan TJ proteins have been reported, including
occludin and the family of claudins (Furuse et al.
1993, 1998). Whereas a complete lack of occludin did
Figure 3 Impedance spectroscopy. Comparative analysis of
epithelial resistance (a; Repi) and subepithelial resistance (b;
Rsub) obtained by one-path impedance spectroscopy experi-
ments revealed higher values of both Repi and Rsub in Peyer’s
patches (n = 19 and 25, ***P < 0.001).
Figure 4 Effect on paracellular marker permeability. (a) 4
kDa FITC–dextran (FD 4k); (b) 20 kDa FITC–dextran (FD
20k). Permeability for both paracellular flux markers FD 4k
and FD 20k was markedly and size-dependently lower in
Peyer’s patches epithelium compared to adjacent neighbour-
ing villous epithelium (n = 3, respectively; *P < 0.05,
***P < 0.001).
Figure 5 Western blots and densitometry. (a) Claudin-1, claudin-2, claudin-3, claudin-4, claudin-5, claudin-7, claudin-8, occlu-
din and beta-actin were detected in Peyer’s patches (PP) and villous epithelium. (b) Densitometric analysis of tight junction pro-
tein signals in villous epithelium (expressed as 100%), Peyer’s patches and respective signals after surface correction,
representing material from 0.13 cm2 tissue area specimens, respectively (n = 5–10, *P < 0.05, **P < 0.01, ***P < 0.001).
© 2015 Scandinavian Physiological Society. Published by John Wiley & Sons Ltd, doi: 10.1111/apha.12559 5
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not result in changes of intestinal barrier properties,
claudins emerged to be the main determinants of
epithelial barrier function, homophilically and
heterophilically interacting in cis and in trans, thereby
determining tissue- and organ-specific epithelial bar-
rier function (Furuse et al. 1999, Markov et al. 2015).
A first indication of different barrier function of PP
and neighbouring small intestinal epithelium has been
reported in rabbit intestine, showing different TER as
a representative parameter of barrier function (Bray-
den & Baird 1994). However, the measurement of
TER does not discriminate between the contribution
of the most apical epithelial cell layer providing the
primary barrier by TJs and different thickness of
subepithelial cell layers which may result in different
contribution of a subepithelial resistance to total
epithelial resistance. To overcome this limitation, one-
path impedance spectroscopy has been established to
discriminate between Repi and Rsub, with Repi repre-
senting the functionally relevant barrier parameter in
intestine (Pappenheimer 1987, Gitter et al. 1997).
This technique has also proven helpful when patho-
physiological mechanisms affect the thickness of
subepithelial tissue layers, for example in inflamed
epithelia (Amasheh et al. 2004, 2009a).
One-path impedance spectroscopy allows a sepa-
rated, but non-destructive measurement of epithelial
and subepithelial ion conductance of the intestinal
epithelium in vitro. As the conductivity of the epithe-
lial cell layer is dependent on frequency, but not the
subepithelial tissue layers due to a lack of tight junc-
tions, this technique allows a structural assignment of
intestinal permeability to the epithelium vs. subepithe-
lium (Fromm et al. 1985, Gitter et al. 1998). In con-
trast, two-path impedance spectroscopy allows a
discrimination between the paracellular and the tran-
scellular pathway (Krug et al. 2009), which is only
applicable in confluent monolayers without subepithe-
lium, and therefore was not employed in our current
study.
In our experiments, one-path impedance spec-
troscopy revealed that both Rsub and Repi were higher
in PP compared to controls. As the apical monolayer
of epithelial cells represents the physiologically rele-
vant barrier, our results clearly demonstrate that the
barrier function of FAE PP is stronger than that in the
neighbouring located villous epithelium.
In PP, the paracellular pathway has been shown to
be rather restrictive to the point that dendritic cells,
mediating a passage of immunogens, also express TJ
proteins including the tightening claudin-1 molecule
(Rescigno et al. 2001). As dendritic cells open the TJs
between epithelial cells and can take up microorgan-
isms directly but at the same time preserve the integ-
rity of the epithelial barrier, they may be regarded as
an integrative factor of the apical cell monolayer
itself, though. The higher subepithelial resistance of
PP compared to adjacent neighbouring control tissue
can be explained by different thickness alone as dis-
cussed also in context with chronic subepithelial
immune cell infiltrations in inflammatory bowel dis-
ease (Amasheh et al. 2009a,b, 8Juric et al. 2013).
The understanding of the ultrastructure of TJs
determining the permeability of the paracellular path-
way has evolved in recent years, as especially the
molecular TJ protein configuration and interaction
within strands has been analysed in detail (Suzuki
et al. 2014, 2015, Markov et al. 2015). Among the
different membrane-spanning proteins located in
intestinal TJ complexes, the family of claudins has
been reported to primarily determine paracellular
epithelial passage of ions and small molecules (Ama-
sheh et al. 2002, 2005).
Our study revealed that in PP, claudin-1, claudin-2,
claudin-3, claudin-4, claudin-5, claudin-7 and claudin-
8 are expressed. The same claudins were also detected
in adjacent mucosal tissue specimens, but to a marked
extent with different expression levels. These differ-
Figure 6 Confocal laser scanning immunofluorescence
microscopy. Confocal imaging revealed signals of claudin-1,
claudin-2, claudin-3, claudin-4, claudin-5, claudin-7 and
claudin-8 and occludin in adjacent villous epithelia and PP.
The majority of claudins was detected in the apicolateral
membrane (n = 5–10, respectively, bar: 20 lm).
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ences are in accordance with the reported functional
contribution of the single members of the claudin fam-
ily. Generally, the detected claudins can be divided
into three groups, namely proteins decreasing paracel-
lular permeability (claudin-1, claudin-3, claudin-4,
claudin-5 and claudin-8), claudin-2 mediating perme-
ability and claudin-7 belonging to the group of clau-
dins with ambiguous functions (Amasheh et al. 2011).
In PP, a stronger expression of claudin-1, claudin-4,
claudin-5 and claudin-8 was observed, compared to
adjacent villous epithelia, which is in accordance with
the higher values of Repi. As the majority of claudins
could also be detected within the apicolateral TJ com-
plexes of both epithelial tissue specimens, the respec-
tive contribution of these claudins can be regarded as
functionally evident. A minor drawback might be the
lack of a specific detection of claudin-8 within TJs, as
this protein also shows strong quantitative differences
in Western blots, but previous studies also showed
only limited detection of the protein within small
intestinal TJs (Markov et al. 2010). However, an also
relatively weak detection of claudin-8 in colon has
been demonstrated to be overridden by selective
recruitment in the apicolateral membrane in context
with a synergistic regulatory process affecting both
transport and barrier, as demonstrated for claudin-8
and ENaC in human colon (Amasheh et al. 2009b).
Finally, permeability measurements provide a strik-
ing proof-of-concept of our study, as the permeability
of paracellular flux markers 4 and 20 kDa FITC-dex-
tran was markedly and size-dependently lower in
Peyer’s patches compared to adjacent neighbouring
villous epithelium. As known immunogens typically
have comparable sizes, for example lipopolysaccha-
rides or other bacterial compounds, this provides a
striking hint on a maximum paracellular sealing func-
tion by PP tight junctions, providing a selective tran-
scellular pathway for a controlled immunoreaction.
Taken together, molecular composition and func-
tional parameters of the TJ clearly indicate a major
restriction of the paracellular pathway in PP, underlin-
ing the role of a regulated and controlled transcellular
passage of immunogens to underlying immune cells.
This finding highlights a physiologically strong limita-
tion of the paracellular transport of substances in the
FAE of PP as a prerequisite for specific presentation of
antigenic structures of immunocompetent cells
through specialized M cells. As the TJ has also been
reported to be sensitive to the action of a variety of
substances and mediators, selective disturbances of PP
claudin composition, for example in inflammatory
processes or by food components, may also specifi-
cally affect the local processes of antigenic presenta-
tion.
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